Objectives To determine the effect of the critical care outreach team on patient survival to discharge from hospital after discharge from critical care and readmission to critical care.
Introduction
The report Comprehensive Critical Care identified a strategy for change that has begun to transform the delivery of critical care services in England and Wales. 1 Many of the recommendations in the report are subsumed under the broad remit of critical care outreach teams. Perhaps the most important of these recommendations was the development of patient at risk teams and follow up services to complement critical care while improving the speed and quality of patient recovery to discharge from hospital. The need for this service was based on several reports, which indicated suboptimal management of both patients discharged from intensive care and patients at risk of deterioration on hospital wards. [2] [3] [4] [5] The same year a report published by the Scottish Executive concluded that outreach teams and follow up would not significantly optimise patient care or affect the workload of intensive care units. 6 More recently, critical care outreach teams have been challenged to produce robust evidence of effectiveness to justify the substantial investment in them made by the government. 7 Evidence is emerging from Australia that the activity of medical emergency teams, introduced in the early 1990s, may substantially reduce the incidence of cardiac arrest and unanticipated admission to intensive care. 8 9 Such teams, however, differ from patient at risk teams that have developed in England and Wales. Medical emergency teams are usually a medical team, including a senior nurse, trained and experienced in acute hospital medicine. Patient at risk teams tend to be nurse led. 10 Therefore the results from Australia cannot be extrapolated to England and Wales, despite both teams responding to early physiological warnings (box). We aimed to determine the effectiveness of follow up services during the period between discharge from critical care to discharge from hospital and on readmission to critical care. 
Participants and methods

Data collection
We undertook a before and after study using historical controls to determine patient survival to discharge from hospital after discharge from critical care and readmission to critical care. All data were routinely collected as part of the Intensive Care National Audit Research Centre case mix programme. 11 Data were taken from patient charts, and input was the responsibility of an auditor. These represent the periods before and after the introduction of the outreach team. A dataset was prepared from the patient's first or only admission to critical care during these periods. We excluded patients who died in critical care. Patients were excluded from period 1 if they were admitted during this period but discharged in period 2, as the outreach team could have influenced survival to hospital discharge or readmission. For the same reason patients were excluded if they were firstly admitted and discharged in period 1, then readmitted and discharged in period 2. To ascertain equivalence between the two groups, risk factors were chosen for their presumed association with mortality based on local audit data-for example, male, aged over 65, acute physiological and chronic health evaluation II (APACHE II) chronic health points, and probability of inhospital mortality-and those associated with readmission-for example, length of stay in critical care and medical or surgical diagnosis. [12] [13] [14] To assess data reliability a 5% sample of the patients included in the study groups was selected using a computer generated random number sequence. Computerised data were checked against the original records. This was undertaken by staff who had received training in data collection for the Intensive Care National Audit Research Centre case mix programme but had not been involved in the original data entry.
Statistical analysis
The patient was the sampling unit. The Mann-Whitney U test and 2 and t tests were used to evaluate the uniformity of the patient populations for both periods for age, sex, medical or surgical diagnosis, length of stay in critical care, severity of illness in the first 24 hours of admission, and comorbid conditions. Risk ratios and 95% confidence intervals were calculated for the effect of the outreach team on patient survival to hospital discharge and readmission to critical care. Analyses were performed with intercooled Stata 7.0 for Windows.
A 5% random sample (24 patients) was taken from the dataset to check the reliability of the data. Overall, 98.7% (3529/3576) of the computerised items for these patients agreed with the original written records (95% confidence interval 98.3% to 99.1%).
Results
We found no significant differences between the populations of critical care survivors before and after the introduction of the outreach team for age, sex, medical or surgical diagnosis, length of stay in critical care, severity of illness in the first 24 hours of admission to critical care, or comorbidities (table 3) . After the introduction of the outreach team, there was a significant increase in survival to hospital discharge and a significant decrease in number of readmissions to critical care (risk ratios 1.08 and 0.48, respectively; table 4).
Discussion
Critical care outreach teams seem to improve survival to discharge from hospital after discharge from critical care and may reduce the number of readmissions to a significant extent. The activity of the outreach team differs from that of medical emergency teams and patient at risk teams. Critical care outreach teams have developed on an ad hoc basis in England and Wales. They differ widely in composition, ranging from lone consultant nurses to multiprofessional teams, and in their working patterns and activity. 10 Some outreach teams follow up patients as described in our study, whereas others attend once patients show early warning criteria (see box). The results of our study are therefore not transferable.
Patients are at increased risk of deterioration during the recovery period after discharge from critical care, attributable to early discharge and residual organ dysfunction. 12 13 Both often lead to readmission, which in turn is associated with higher inhospital mortality. 13 15 Although we present only a preliminary examination of what can be achieved through fundamental interventions and referrals made by experienced critical care nurses during the recovery period, our findings do provide some evidence that this type of innovation is worth while for patient survival and readmission.
A recent study could detect no change in patterns of readmission after the introduction of a critical care outreach team. 16 It is difficult to extrapolate from the report if the operational policy was similar to that described in our study, and although the setting seems similar, a far larger sample was examined. The readmission rate for both study periods was 4.0%, unlike our study, which found a reduction of 12.4% compared with 6.0% after the introduction of the outreach team. A readmission rate of 4.0% is below the national average of 6.3% reported by the Intensive Care National Audit Research Centre, indicating that there was little room for the effect of the outreach team to be shown in terms of readmission.
Survival to discharge from hospital has been determined in medical patients after discharge from critical care.
14 These patients were chosen because of the high mortality associated with critical illness. Survival was thought to have been affected by a change in resuscitation status, where seven of the 12 patients who survived critical care had their resuscitation status altered to do not resuscitate. It is unlikely that this applied to our study because survival to discharge improved and it is unlikely that this would have occurred if patients had had their resuscitation status altered. A more unlikely reason is that decisions about not resuscitating were made but that patients then survived to discharge from hospital. Alternatively, the proportion of medical patients differed between the two periods under study, but this was not the case.
Strengths and limitations
Our study design could have confounded the results; before and after studies are retrospective, therefore variables cannot be controlled. In our study a concomitant innovation in the hospital could have produced the same results. Patients were, however, discharged from critical care to different areas of the hospital, and at the time of the study there was no other innovation that could have had an effect on patients. The median predicted probability of mortality was 16.1% compared with 20.4% in the historical cohort. Although this was not statistically significant, part or all of the effect seen might be explained by this difference. Several authors have, however, questioned the ability of the tool to predict mortality and it is currently the subject of further investigation by the Intensive Care National Audit Research Centre. The tool therefore might explain some of the variation in outcome but not all of it. 17 18 Before and after studies may also show a lack of equivalence between comparators, and interventions may vary. Both our groups had similar risk factors. These were chosen for their association with mortality and readmission and seemed to be appropriate for the purposes of our study. The interventions undertaken by team members did vary, possibly owing to length of time available for the intervention or the manner in which the intervention was undertaken by the individual and on a particular day. It is unlikely, however, that one individual or one intervention can be associated with the findings. Rather, the combined effect of the interventions seems to have had a beneficial effect on outcomes.
The use of routine audit data, rather than specific data collected for research purposes, may also have produced erroneous results. The database was examined on a random basis for reliability and seemed sound.
Our small sample size increased the risk of a type 2 error, which is much smaller than those used to test the
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